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Description 
[TECHNICAL FIELD] 

s The present invention relates to an electrolyzing apparatus and an electrolyzing method for electrolyzing flowing 

water containing a very small amount of chlorine ions, such as city water, industrial water and well water. 

[BACKGROUND ART] 

10 In public water purification plants, sodium hypochlorite which has bactericidal activity, is added to the raw water from 
the water source to sterilize it. Since sodium hypochlorite is unstable, substantially all of the sodium hypochlorite in the 
city water reaching homes or offices is already decomposed into chlorine ions. Thus, the city water supplied to the home 
or the office has only low bactericidal activity. City water having only low bactericidal activity cannot sterilize an outlet 
port of a kitchen in an office or the home, kitchen utensils such as chopping boards, etc., bath rooms, water closets, etc. 

is A sanitary system is used in dispensers for mixing feedstocks with water to automatically prepare soft drinks. In the 
sanitary system, the city water stored in a tank disposed in the dispenser is electrolyzed using chlorine generating 
electrodes to generate chlorine gas. generate hypochlorous acid with bactericidal activity, and sterilize the stored water 
(SANYO TECHNICAL REVIEW VOL.21 N0.1 FEB.1989). 

Japanese patent laid-open publication 4-330986 discloses a sterilizing method, wherein salt water is supplied to an 

20 electrolytic ceil having a positive electrode and a negative electrode, D.C. voltage is applied across the electrodes to 
generate water containing free chlorine having bactericidal activity, the water containing the free chlorine is mixed with 
city water, and various kinds of equipment are sterilized by the mixed water. 

In the above described sanitary system, water stored in the dispenser is sterilized. Thus, the above described san- 
itary system cannot be directly applied to sterilization of an outlet port of a kitchen in an office or in the home, kitchen 

25 utensils such as chopping boards, etc., bath rooms, water closets, etc. 

In the sterilizing method disclosed in Japanese patent laid-open publication 4-330986, it is necessary to prepare 
salt water, supply a salt water tank with the salt water, maintain the salt water tank, etc. Thus, the sterilizing method has 
a disadvantage that it requires much labor for operation and maintenance of the sterilizing apparatus for carrying out 
the sterilizing method. 

30 

[DISCLOSURE OF INVENTION] 

If an electrolyzing apparatus should be available for electrolyzing flowing water containing a very small amount of 
chlorine ions, such as city water, industrial water, well water, etc., directly without adding salt to generate hypochlorous 
35 acid, it would be easily possible to sterilize an outlet port of a kitchen in an office or in the home, kitchen utensils such 
as chopping boards, bath rooms, toilet stools etc. Moreover, it would be easy to operate and maintain the sterilizing 
apparatus. 

Thus, the object of the present invention is to provide an electrolysing apparatus and an electrolyzing method for 
electrolyzing flowing water containing a very small amount of chlorine ions, such as city water, industrial water, well 
40 water, etc., stably over a long period. 

In accordance with the present invention, there is provided an electrolyzing apparatus for flowing water containing 
chlorine ions comprising an electrolytic cell provided with at least one pair of electrodes, a passage formed between the 
electrodes, an inlet port and an outlet port communicating with the passage, and a power supply for applying voltage 
across the electrodes. 

45 The electrolyzing apparatus in accordance with the present invention which comprises an electrolytic cell provided 
with at least one pair of electrodes, a passage formed between the electrodes, an inlet port and an outlet port commu- 
nicating with the passage, and a power supply for applying voltage across the electrodes, can electrolyze flowing water 
containing a very small amount of chlorine ions, such as city water, industrial water, well water, etc., to generate a liquid 
having a strong bactericidal activity. By using the present electrolyzing apparatus, it is easily possible to sterilize an outlet 

so port of a kitchen in an office or in the home, kitchen utensils such as chopping boards, bath rooms, toilet stools etc., and 
the sterilizing apparatus can be easily operated and maintained. 

City water, industrial water, well water, etc. contain a very small amount of chlorine ions. For example, city water 
contains chlorine ions at 3 mg/l to 40 mg/l. When flowing water containing a very small amount of chlorine ions, such 
as city water, industrial water, well water, etc., is electrolyzed, chlorine gas is generated at the positive electrode. The 

55 chlorine gas dissolves in the flowing water to generate free chlorine such as hypochlorous acid, hypochlorous acid ions, 
etc. The flowing water containing free chlorine has bactericidal activity. 

As shown in Figure 23, flowing water containing free chlorine at a concentration substantially equal to or larger than 
1 mg/l has bactericidal activity strong enough for sterilizing and preventing fouling of an outlet port of a kitchen in an 
office or in the home, kitchen utensils such as chopping boards, bath rooms, toilet stools etc. Figure 23 is based on data 
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obtained by adding 2 x 106 CFU of coli bacteria (Escherichir coli W31 10 strain) to water containing free chlorine at a 
prescribed concentrations, adding sodium thiosulfate to the mixtures 20 seconds after adding the coli bacteria to elim- 
inate the free chlorine, then checking the number of the surviving bacteria. It is clear from Figure 23 that the number of 
surviving coli bacteria decreased as the concentration of free chlorine in the water increased, and substantially all of 
the coli bacteria were killed when the concentration of free chlorine was equal to or larger than 1 mg/l. 

When the electrolyzing apparatus in accordance with the present invention is used, it is possible to generate flowing 
water containing free chlorine at a concentration substantially equal to or larger than 1 mg/l by increasing the efficiency 
of chlorine gas generation at the positive electrode or increasing the solubility of the generated chlorine gas in the flowing 
water. 

In accordance with a preferred embodiment of the present invention, the distance between the electrodes is larger 
than 0.2 mm. 

When the distance between the electrodes is larger than 0.2 mm, the efficiency of chlorine generation (the ratio of 
the quantity of electricity effectively used for the generation of the free chlorine to the total quantity of electricity applied 
across the electrodes) increases, the concentration of generated free chlorine (the concentration of free chlorine gen- 
erated by the chlorine gas dissolved in the flowing water) increases, and flowing water having high bactericidal activity 
is generated. When the distance between the electrodes is larger than 0.4 mm, the concentration of the generated free 
chlorine increases much more stably. 

In accordance with another preferred embodiment of the present invention, at least the positive one of each pair of 
electrodes is a chlorine generating electrode. 

Chlorine gas and oxygen gas are generated at the positive electrode. When at least the positive one of each pair 
of electrodes is a chlorine generating electrode, the efficiency of chlorine generation increases, the concentration of the 
generated free chlorine increases, and flowing water having high bactericidal activity is generated. The increase in the 
efficiency of chlorine generation enables downsizing of the electrodes and the electrolytic cell. 

In accordance with another preferred embodiment of the present invention, all of the electrodes are chlorine gen- 
erating electrodes. 

Calcium ions and magnesium ions contained in the flowing water react with carbonic acid ions, etc. contained in 
the flowing water to generate scale on the electrode and decrease the efficiency of chlorine generation. This decrease 
in the efficiency of chlorine generation can be prevented by reversing the polarity of the electrodes. When all of the 
electrodes are chlorine generating electrodes, the efficiency of chlorine generation is maintained in spite of the reversal 
of the polarity of the electrodes. Thus, the efficiency of chlorine generation and the concentration of the generated free 
chlorine are maintained high over a long period, and flowing water having high bactericidal activity is generated stably 
over a long period. The increase in the efficiency of chlorine generation enables downsizing of the electrodes and the 
electrolytic cell. 

In accordance with another preferred embodiment of the present invention, the chlorine generating electrode is 
constituted of solid chlorine generating catalyst. 

When the chlorine generating electrode is constituted of a solid chlorine generating catalyst, the efficiency of chlorine 
generation increases, the concentration of the generated free chlorine increases, and flowing water having high bacte- 
ricidal activity is generated. The increase in the efficiency of chlorine generation enables downsizing of the electrodes 
and the electrolytic cell. 

In accordance with another preferred embodiment of the present invention, the chlorine generating electrode is 
constituted of a conductive material plate coated with a layer of chlorine generating catalyst. The entire surface of the 
conductive material plate may be coated with a layer of chlorine generating catalyst, or a part of the surface of the 
conductive material plate may be coated with a layer of chlorine generating catalyst. 

When the chlorine generating electrode is constituted of a conductive material plate coated with a layer of chlorine 
generating catalyst, the efficiency of chlorine generation increases, the concentration of the generated free chlorine 
increases, and flowing water having high bactericidal activity is generated. The increase in the efficiency of chlorine 
generation enables downsizing of the electrodes and the electrolytic cell. Using a material cheaper than the chlorine 
generating catalyst as the conductive material decreases the production cost of the electrolyzing apparatus. 

In accordance with another preferred embodiment of the present invention, the chlorine generating catalyst contains 
at least iridium. 

When the chlorine generating catalyst contains at least iridium, the efficiency of chlorine generation increases, the 
concentration of the generated free chlorine increases, and flowing water having high bactericidal activity is generated. 
The increase in the efficiency of chlorine generation enables downsizing of the electrodes and the electrolytic cell. 

In accordance with another preferred embodiment of the present invention, the chlorine generating catalyst contains 
at least platinum and iridium. 

In accordance with another preferred embodiment of the present invention, the chlorine generating catalyst contains 
platinum and iridium, and the mole ratio of platinum to the sum of platinum and iridium is equal to or larger than 70 %. 

When the chlorine generating catalyst contains at least platinum and iridium, the desorptipn of the chlorine gener- 
ating catalyst such as iridium oxide, caused by the application of the voltage across the electrodes is prevented by the 
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platinum. Thus, the efficiency of chlorine generation and the concentration of the generated free chlorine are maintained 
high over a long period and flowing water having high bactericidal activity is generated stably over a long period. When 
the mole ratio of platinum to the sum of platinum and iridium is equal to or larger than 70 %, preferably 80 %. the service 
life of the electrode increases markedly. 

In accordance with another preferred embodiment of the present invention, the chlorine generating catalyst contains 
platinum, iridium and tantalum, and the ratio of tantalum to the sum of platinum, iridium and tantalum is less than 30 
weight %. 

The efficiency of chlorine generation at the beginning of the electrolysis increases when the chlorine generating 
catalyst contains platinum, iridium and tantalum more than when it contains only platinum and iridium. However, the 
desorption of the chlorine generating catalyst is promoted when the chlorine generating catalyst contains platinum, 
iridium and tantalum more than when it contains only platinum and iridium. When the ratio of tantalum to the sum of 
platinum, iridium and tantalum is less than 30 weight %, the desorption of the chlorine generating catalyst is suppressed 
and flowing water having high bactericidal activity is generated stably over a long period. 

In accordance with another preferred embodiment of the present invention, the thickness of the layer of chlorine 
generating catalyst is equal to or larger than 0.1 urn. 

When the thickness of the layer of chlorine generating catalyst is equal to or larger than 0.1 urn, preferably 0.2 urn, 
the quantity of the chlorine generating catalyst is adequate and flowing water containing the generated free chlorine at 
a concentration equal to or larger than 1 mg/I is generated. The flowing water containing free chlorine at a concentration 
equal to or larger than 1 mg/i has bactericidal activity strong enough for sterilizing and preventing fouling of an outlet 
port of a kitchen in an office or in the home, kitchen utensils such as chopping boards, bath rooms, toilet stools, etc. 

In accordance with another preferred embodiment of the present invention, the thickness of the layer of chlorine 
generating catalyst is equal to or larger than 0.5 urn. 

When the thickness of the layer of chlorine generating catalyst is equal to or larger than 0.5 urn, formation of a layer 
of a non-conductor is suppressed. As the layer of chlorine generating catalyst becomes thinner because of the desorption 
of the chlorine generating catalyst, a greater quantity of H 2 0 reaches the boundary surface between the conductive 
material plate and the layer of chlorine generating catalyst. This leads to oxidation of the surface of the conductive 
material plate. Thus, a layer of a non-conductor is formed between the conductive material plate and the layer of chlorine 
generating catalyst. Increasing the thickness of the layer of chlorine generating catalyst suppresses the formation of the 
layer of non-conductor between the conductive material plate and the layer of chlorine generating catalyst, which is 
caused by the desorption of the chlorine generating catalyst. Thus, flowing water having bactericidal activity strong 
enough for sterilizing and preventing fouling of an outlet port of a kitchen in an office or in the home, kitchen utensils 
such as chopping boards, bath rooms, toilet stools, etc., is generated stably over a long period. ' 

In accordance with another preferred embodiment of the present invention, the conductive material has high resist- 
ance against oxidation. 

When the conductive material has high resistance against oxidation, the formation of the layer of non-conductor 
between the conductive material plate and the layer of chlorine generating catalyst is suppressed. Thus, flowing water 
having high bactericidal activity is generated stably over a long period. 

In accordance with another preferred embodiment of the present invention, the conductive material is titanium. 

When the conductive material is titanium, which has high resistance against oxidation, the formation of the layer of 
non-conductor between the conductive material plate and the layer of chlorine generating catalyst is suppressed. Thus, 
flowing water having high bactericidal activity is generated stably over a long period. Titanium also has the advantage 
of high mechanical strength. 

In accordance with another preferred embodiment of the present invention, spacers are disposed in a part of the 
space between the pair of electrodes. 

When spacers are disposed in a part of the space between the pair of electrodes, the distance between the pair of 
electrodes is kept constant. Thus, the voltage distribution over the surface of the electrodes becomes even, and uneven 
desorption of the chlorine generating catalyst and uneven adhesion of scale to the electrodes are suppressed. Thus, 
flowing water having high bactericidal activity is generated stably over a long period. Moreover, the distance between 
the electrodes is kept appropriate and a drop in the efficiency of chlorine generation is prevented. Further, failure of the 
electrolyzing apparatus owing to short-circuiting across the electrodes is prevented. 

In accordance with another preferred embodiment of the present invention, the spacers are inserted into the space 
between the pair of electrodes. 

When the spacers are inserted into the space between the pair of electrodes, they can be easily assembled with 
the electrodes. 

In accordance with another preferred embodiment of the present invention, the spacers are inserted into opposite 
side edges of the space between the pair of electrodes from the outside of the pair of electrodes. 

When the spacers are inserted into opposite side edges of the space between the pair of electrodes from the outside 
of the pair of electrodes, an electrolytic cell wherein the space between the electrodes is narrow can be easily assembled, 
the volume of the spacers in the passage between the electrodes decreases, the generation of turbulence and vortices 
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in the water flow caused by the spacers is suppressed, and the formation of stagnant locations in the flowing water is 
suppressed. Thus, the supply of a large amount of electric power to the stagnant locations, and the formation of scale 
on the electrodes by the reaction of calcium ions and magnesium ions contained in the stagnant water with carbonic 
acid ions, etc. contained in the stagnant water are prevented. Thus, flowing water having high bactericidal activity is 
generated stably over a long period. 

in accordance with another preferred embodiment of the present invention, at least the surface of the spacer is 
made of a material with small surface energy. 

When at least the surface of the spacer is made of a material with small surface energy, passage narrowing by 
adhesion of scale to the spacer is prevented. Thus, the formation of local regions with low flow velocity, the supply of a 
large amount of electric power to the local regions, and the formation of scale on the electrodes by reaction of calcium 
ions and magnesium ions contained in the water of the local regions with carbonic acid ions contained therein are 
prevented. Thus, flowing water having high bactericidal activity is generated stably over a long period. 

The surface energy of water is 70 erg/cm* and the surface energy of polytetraf luoroethylene is 30 erg/err*. Because 
of the difference in the surface energy between the two. scale cannot easily adhere to the surface of the polytetrafluor- 
oethylene. In general, use of a material whose surface energy differs from that of water by 40 erg/cm 2 or more is effective 
for preventing scale adhesion. 

Examples of materials whose surface energies are lower than 30 erg/cm* include polytetraf luoroethylene. polypro- 
pylene hexafluoride, tr if luoroethylene, trifluorochloroethylene, tetrafluorosifane. siloxanefluoride, etc. 

In accordance with another preferred embodiment of the present invention, the flowing direction of the water into 
the inlet port of the electrolytic cell, the direction in which the passage formed between the electrodes extends, and the 
flowing direction of the water out of the outlet port of the electrolytic cell are aligned with each other. 

When the flowing direction of the water into the inlet port of the electrolytic cell, the direction in which the passage 
formed between the electrodes extends, and the flowing direction of the water out of the outlet port of the electrolytic 
cell are aligned with each other, the generation of vortices and stagnant locations in the flowing water is suppressed. 
Thus, the supply of a large amount of electric power to the stagnant water, and formation of scale on the electrodes by 
the reaction of calcium ions and magnesium ions contained in the stagnant water with carbonic acid ions contained in 
the stagnant water are prevented. Thus, flowing water having high bactericidal activity is generated stably over a long 
period. The water in the passage flows straight to the outlet port aligned to the passage. Thus, bubbles of the hydrogen 
gas and the oxygen gas generated at the electrodes are easily carried away from the surface of the electrodes. Thus, 
a drop in the efficiency of chlorine generation caused by residence of the bubbles is prevented. 

In accordance with another preferred embodiment of the present invention, the inlet port side end of the passage 
formed between the electrodes of the electrolytic cell is disposed below the outlet port side end of the passage. 

When the inlet port side end of the passage formed between the electrodes of the electrolytic cell is disposed below 
the outlet port side end of the passage, bubbles of the hydrogen gas and the oxygen gas generated at the electrodes 
are rapidly discharged from the passage because of the buoyancy and the water flow. Thus, a drop in the efficiency of 
chlorine generation caused by residence of the bubbles is prevented. 

In accordance with another preferred embodiment of the present invention, the electrodes of the electrolytic cell are 
coated with insulating material at their parts near the inlet port side end of the passage and near the outlet port side 
end of the passage. 

When the electrodes of the electrolytic cell are coated with insulating material at their parts near the inlet port side 
end of the passage and near the outlet port side end of the passage, the concentration of the electric current at the inlet 
port side end and the outlet port side end of the passage can be prevented. As a result, the formation of scale on the 
electrodes at the inlet port side end and the outlet port side end of the passage by the reaction of calcium ions and 
magnesium ions contained in the flowing water with carbonic acid ions contained in the flowing water is prevented. Thus, 
flowing water having high bactericidal activity is generated stably over a long period. 

In accordance with another preferred embodiment of the present invention, the sectional area of the outlet port side 
end of the passage between the electrodes of the electrolytic cell is 1 .01 or more times as large as that of the inlet port 
side end of the passage. 

When the sectional area of the outlet port side end of the passage between the electrodes of the electrolytic cell is 
1 .01 or more times as large as that of the inlet port side end of the passage, the drop in the flow velocity of the flowing 
water caused by the increase in the volume of the flowing water owing to the generation of bubbles of hydrogen gas and 
oxygen gas at the electrodes is prevented. Thus, the supply of a large amount of electric power to flowing water with a 
low flow velocity, and the formation of scale on the electrodes by the reaction of calcium ions and magnesium ions 
contained in slow flowing water with carbonic acid ions are prevented. Thus, flowing water having high bactericidal 
activity is generated stably over a long period. 

In accordance with another preferred embodiment of the present invention, the power supply is a D.C. power supply 
whose output polarity is reversible. 
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When the power supply is a D.C. power supply whose output polarity is reversible, the adhesion of scale to the 
electrodes can be suppressed by reversing the polarity of the electrodes. Thus, flowing water having high bactericidal 
activity is generated stably over a long period. 

In accordance with another preferred embodiment of the present invention, the electrolytic cell is a non-barrier type 
5 electrolytic cell. 

When the electrolytic cell is a non-barrier type electrolytic cell, the electrolysis voltage can be decreased by narrowing 
the distance between the electrodes and the structure of the electrolytic cell can be made simple. 

In accordance with another aspect of the present invention, there is provided a method for electrolysing flowing 
water containing chlorine ions, wherein direct current with a current density of less than 1 100 A/m2 is applied across 
10 the electrodes of any one of the above described electrolyzing apparatuses. 

When direct current with a current density of less than 1 100 A/m 2 is applied across the electrodes of any one of 
the above described electrolyzing apparatuses, the desorption of the chlorine generating catalyst from the electrode is 
suppressed. Thus, flowing water having high bactericidal activity is generated stably over a long period. 

In accordance with another aspect of the present invention, there is provided a method for electrolysing flowing 
15 water containing chlorine ions, wherein direct current with a current density of equal to or larger than 300 A/m 2 is applied 
across the electrodes of any one of the above described electrolyzing apparatuses. 

When direct current with a current density of equal to or larger than 300 A/m 2 is applied across the electrodes of 
any one of the above described electrolyzing apparatuses, flowing water containing free chlorine at a concentration 
equal to or larger than 1 mg/l can be generated. The flowing water containing free chlorine at a concentration equal to 
20 or larger than 1 mg/l has bactericidal activity strong enough for sterilizing and preventing fouling of an outlet port of a 
kitchen in an office or in the home, kitchen utensils such as chopping boards, bath rooms, toilet stools, etc. 

In accordance with another aspect of the present invention, there is provided a method for electrolyzing flowing 
water containing chlorine ions, wherein direct current with a current density of 400A /m 2 to 600A /m 2 is applied across 
the electrodes of any one of the above described electrolyzing apparatuses. 
25 When the direct current with a current density of 400 A/m 2 to 600 A/m 2 is applied across the electrodes of any one 
of the above described electrolyzing apparatuses, the efficiency of chlorine generation increases. 

In accordance with another aspect of the present invention, there is provided a method for electrolyzing flowing 
water containing chlorine ions, wherein any one of the above described electrolyzing apparatuses is used and the flow 
of the water is maintained until a prescribed length of time passes after the stoppage of the electrolysis. 
30 When any one of the above described electrolyzing apparatuses is used and the flow of the water is maintained 
until a prescribed length of time passes after the stoppage of the electrolysis, the electrolysis of the water resident in 
the electrolytic cell is prevented. Thus, the adhesion of scale to the negative electrode is prevented and flowing water 
having high bactericidal activity is generated stably over a long period. 

In accordance with another aspect of the present invention, there is provided a method for electrolyzing flowing 
35 water containing chlorine ions, wherein any one of the above described electrolyzing apparatuses is used and the polarity 
of the electrodes is reversed during the electrolysis. 

When any one of the above described electrolyzing apparatuses is used and the polarity of the electrodes is reversed 
during the electrolysis, the adhesion of scale to the negative electrode is prevented and flowing water having high bac- 
tericidal activity is generated stably over a long period. 



40 In accordance with a preferred embodiment of the present invention, the polarity of the electrodes is reversed less 
than 12 times per hour of total time of the electrolysis. 




When the polarity of the electrodes is reversed less than 12 times per hour of total time of the electrolysis, the 
desorption of the chlorine generating catalyst out of the electrode is suppressed. Thus, flowing water having high bac- 
tericidal activity is generated stably over a long period. 
45 In accordance with another preferred embodiment of the present invention, the polarity of the electrodes is reversed 
1 time per 10 or more repetitions of the electrolysis. 

When the polarity of the electrodes is reversed 1 time per 10 or more repetitions of the electrolysis, the desorption 
of the chlorine generating catalyst out of the electrode is suppressed. Thus, flowing water having high bactericidal activity 
is generated stably over a long period. 
so In accordance with another aspect of the present invention, there is provided a method for electrolysing flowing 
water containing chlorine ions, wherein any one of the above described electrolyzing apparatuses is used and the water 
passed into the electrolytic cell through the inlet port is electrolyzed after being warmed to a temperature higher than 
normal room temperature and lower than 50°C. 

When any one of the above described electrolyzing apparatuses is used and the water passed into the electrolytic 
55 cell through the inlet port is electrolyzed after being warmed to a temperature higher than normal room temperature and 
lower than 50°C, the solubility of the chlorine gas in the flowing water increases and the efficiency of chlorine generation 
increases. Thus, flowing water having high bactericidal activity is generated. The efficiency of chlorine gas generation 
at the positive electrode does not change in the temperature range between normal room temperature and 50°C. 
In accordance with a preferred embodiment of the present invention, city water is electrolyzecf. 
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When any one of the above described electrolyzing apparatuses is used and flowing city water is electrolyzed, the 
chlorine ions contained in the flowing city water can be efficiently changed into chlorine gas because city water contains 
only a small amount of organic matter, which adsorbs the chlorine ions or reacts with the chlorine ions. Thus, flowing 
water having high bactericidal activity is generated. 

In accordance with another preferred embodiment of the present invention, industrial water is electrolyzed. 

In accordance with another preferred embodiment of the present invention, well water is electrolyzed. 

When any one of the above described electrolyzing apparatuses is used and flowing industrial water or flowing well 
water is electrolyzed, flowing water containing free chlorine and amine chloride and having high bactericidal activity is 
generated. 

[BRIEF DESCRIPTION OF DRAWINGS] 

Figure 1 is a schematic view of the layout of an electrolyzing apparatus which is an embodiment of the present 
invention. 

Figure 2 is a sectional view of a chlorine generating electrode of an electrolyzing apparatus which is an embodiment 
of the present invention. 

Figure 3 is a sectional view of a chlorine generating electrode for explaining the mechanism of the deterioration of 
the chlorine generating electrode. 

Figure 4 is a sectional view of an electrolytic cell of an electrolyzing apparatus which is an embodiment of the present 
invention. 

Figure 5 is a sectional view of an electrolytic cell of an electrolyzing apparatus which is an embodiment of the present 
invention. 

Figure 6(a) is a plan view of an electrolytic cell of an electrolyzing apparatus which is an embodiment of the present 
invention, and Figure 6(b) is a view along line b-b in Figure 6(a). 

Figure 7(a) is a plan view of an electrolytic cell of an electrolyzing apparatus which is an embodiment of the present 
invention, and Figure 7(b) is a view along line b-b in Figure 7(a). 

Figure 8 is a view of the layout of a measurement apparatus for carrying out an electrolyzing test on flowing city water. 

Figure 9 is an exploded perspective view of the electrolytic cell in Figure 8. 

Figure 10 is a view showing how the efficiency of chlorine generation varies with current density. 

Figure 1 1 is a graph showing how the concentration of the generated free chlorine and the efficiency of chlorine 
generation vary with distance between the electrodes. 

Figure 12 is a graph showing how the concentration of the generated free chlorine varies with current density. 

Figure 13 is a graph showing the deterioration of the concentration of the generated free chlorine with age when 
the polarity of the electrodes is hot as a rule reversed . 

Figure 14 is a graph showing the deterioration of the efficiency of chlorine generation with age when the polarity of 
the electrodes is not as a rule reversed. 

Figure 15 is a graph showing the deterioration of the concentration of the generated free chlorine with age when 
the polarity of the electrodes is reversed. 

Figure 16 is a graph showing the deterioration of the efficiency of chlorine generation with age when the polarity of 
the electrodes is reversed. 

Figure 1 7 is a graph showing the difference in the deterioration of the concentration of the generated free chlorine 
with age between chlorine generating catalysts of different compositions. 

Figure 1 8 is a graph showing how the concentration of the generated free chlorine varies with thickness of the layer 
of chlorine generating catalyst. 

Figure 19 is a graph showing the difference in the deterioration of the decrease in the thickness of the layer of 
chlorine generating catalyst with age between different current densities. 

Figure 20 is a graph showing the difference in the deterioration of the decrease in the thickness of the layer of 
chlorine generating catalyst with age between different electrode polarity reversal frequencies. 

Figure 21 is a graph showing the difference in the deterioration in the voltage across the electrodes with age between 
chlorine generating catalysts of different compositions. 

Figure 22 is a graph showing the difference in the deterioration of the thickness of the layer of chlorine generating 
catalyst with age between chlorine generating catalysts of different compositions. 

Figure 23 is a graph showing how the bactericidal activity varies with hypochlorous acid concentration. 

[THE BEST MODE FOR CARRYING OUT THE INVENTION] 

Preferred embodiments of the present invention will be described. 

Figure 1 is a schematic view of the layout of an electrolyzing apparatus which is a preferred embodiment of the 
present invention. An electrolyzing apparatus 100 which is a preferred embodiment of the present invention has a non- 
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barrier type electrolytic cell 3 having an inlet port 1 and an outlet port 2, electrode plates 4, 4 disposed in the electrolytic 
iL cell 3 at a prescribed spacing to define a passage 5 between them, and a DC. power supply 6 for applying D.C. voltage 
V across the electrode plates 4, 4. 

Flowing water containing chlorine ions supplied from a water supply flows through a flow control valve 7, into the 
5 electrolytic cell 3 through the inlet port 1. and through the passage 5 formed between the electrode plates 4, 4. The 
flowing water containing chlorine ions is electrolysed when it flows through the passage 5 to become a liquid with strong 
bactericidal activity containing free chlorine. The liquid with strong bactericidal activity generated by the electrolysis of 
the flowing water containing chlorine ions flows out of the electrolytic cell 3 through the outlet port 2, and is supplied to 
an object to sterilize it. 

w The electrolysis reaction of the flowing water containing chlorine ions will be described. 

When the flowing water containing chlorine ions flows through the passage 5 between the electrode plates 4, 4, a 
hydrogen generating reaction expressed by the chemical formula (T) occurs at the negative electrode, while a chlorine 
generating reaction expressed by the chemical formula ® and an oxygen generating reaction expressed by the chemical 
formula ® occur at the positive electrode. Chlorine gas (CIJ generated by the chlorine generating reaction dissolves 

is in the water to generate free chlorine with strong bactericidal activity such as hypochlorous acid (HCIO), hypochlorous 
acid ions (CIO" ), etc. 



2H 2 0 + 2e- -» H 2 + 20H- ® 

2C1- - CI 2 + 2e- <D ^ 

H 2 o - 1/20 2 + 2H + + 2e~ ® 

25 

When the electrolyzing apparatus is used over a long period, the generation of the hypochlorous acid and the 
hypochlorous acid ions is eventually arrested by desorption of the materia! of the electrode for promoting the chlorine 
generating reaction in the flowing water, conversion of the electrode into a non-conductor by oxidation, and conversion 

30 of the electrode into a non-conductor by adhesion of insulating scale to the surface of the electrode. The conversion of 
the electrode into a non-conductor by the adhesion of insulating scale occurs through a process of adherence of insulating 
scale to restricted portions of the electrode surface, increase in the electric current around the restricted portions, growth 
of scale owing to the increase in electric current, and gradual conversion of the whole electrode into a non-conductor 
by the scale growth. Thus, the generation of the chlorine gas is arrested, and the generation of hypochlorous acid and 

35 hypochlorous acid ions is arrested. 

In the electrolysis of flowing water using the above described electrolysing apparatus, the stronger the chlorine gas 
generating reaction is relative to the oxygen gas generating reaction, the higher is the efficiency of free chlorine gener- 
ation. 

It is preferable to use a chlorine generating electrode for the positive electrode so as to make the chlorine gas 
40 generating reaction be stronger than the oxygen gas generating reaction. By a " chlorine generating electrode n is meant (V) 
an electrode which can cause the chlorine generating reaction. Examples of chlorine generating electrodes include 
ferrous electrodes such as terrific electrodes, palladium electrodes, ruthenium electrodes, iridium electrodes, platinum 
electrodes, ruthenium-stannum electrodes, palladium-platinum electrodes, iridium-platinum electrodes, ruthenium-plat- 
inum electrodes, iridium-platinum-tantalum electrodes, etc. 
45 The chlorine generating electrode may be a plate of solid chlorine generating catalyst (a catalyst which can cause 
chlorine generating reaction) or, as shown in Figure 2, a plate 1 0 of conductive material coated with a layer 1 1 of chlorine 
generating catalyst. 

Examples of the chlorine generating catalysts include compounds of metals, Oxides, etc., which contain iridium, 
platinum, palladium, ruthenium, rhodium, osmium, iron, cobalt, nickel, etc. 
so The chlorine generating catalyst preferably does not easily desorb in water. If the chlorine generating catalyst des- 
orbs in water, the chlorine generating reaction at the chlorine generating electrode is eventually arrested. 

Any kind of good conductor may be used for the conductive material. Examples of conductive materials include 
titanium, ferrite, silver, platinum, gold, and copper. 

The conductive material preferably has large resistance against oxidation. By "resistance against oxidation" is meant 
55 ability to withstand oxidation by oxidants in the flowing water or avoid generation of a non-conductor layer by oxidation. 
As shown in Figure 3, when the conductive material has small resistance against oxidation, an insulating material layer 
12 constituted of the oxide of the conductive material forms between the plate 10 of the conductive material and the 
layer 1 1 of chlorine generating catalyst. When the thickness of the insulating material layer 1 2 comes to exceed a certain 
threshold value, the chlorine generating electrode becomes a non-conductor, the electrical continuity between the elec- 
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trodes is arrested, and the generation of chlorine gas at the chlorine generating electrode is arrested. Titanium is a 
i conductive material which has large resistance against oxidation. Titanium is not oxidized in high pressurized hot water 
I up to the temperature of 400°C. 

The electrolysis of flowing water is preferably conducted in a manner in which the insulating scale does not easily 
5 adhere to the surface of the electrode. When the insulating scale adheres to the surface of the electrode, the electrode 
becomes a non-conductor, the electrical continuity between the electrodes is blocked, and the generation of chlorine 
gas at the chlorine generating electrode is arrested. 

It is thought that the adhesion of scale to the electrode occurs through a process wherein positive ions such as 
calcium ions, magnesium ions, etc., in the flowing water are drawn to the negative electrode and react with carbonic 
to acid ions in the flowing water to generate calcium carbonate, magnesium carbonate, etc.. and these product materials 
adhere to the surface of the electrode. Inventors of the present invention carried out an analysis using the X-ray diffraction 
method and detected crystalline calcium carbonate from an electrode to which scale adhered. 

In the electrolytic cell 3 shown in Figure 1 . the electrode plates 4, 4 are disposed at a prescribed spacing. Spacers 
are preferably disposed between the electrode plates 4, 4 to dispose the electrode plates 4, 4 at a prescribed distance 
75 from each other. As shown in Figure 4, a pair of spacers 9 may be inserted into the space between the electrode plates 
4, 4 parallel to the direction in which the passage 5 between the electrode plates 4, 4 extends, or as shown in Figure 5. 
a pair of spacers 9 may be inserted into the side edge portions of the space between the electrode plates 4. 4 parallel 
to the direction in which the passage 5 between the electrode plates 4. 4 extends from the outside of the electrode plates 
4, 4. If the surface area of the electrode plates 4, 4 is large, 3 or more spacers 9 are preferably disposed between them 
20 so as to keep the distance between the electrode plates 4, 4 constant. 

The spacers 9 are made of an insulating material so as to prevent short-circuiting between the electrodes. At least 
the surfaces of the spacers 9 are preferably made of a material with small surface energy so as to prevent adhesion of 
scale. A "material with small surface energy" means a material whose surface energy is less than 30 erg/err* . The 
material with small surface energy can, for example, be a resin containing tetrafluoro radical. Polyterafluoroethylene is 
25 an especially suitable material. 

The electrolytic cell 3 may be configured in any manner so long as it has the basic layout shown in Figure 1 . The 
electrolytic cell 3 is preferably of non-barrier type. If the electrolytic cell 3 is of non-barrier type, the distance between 
the electrodes can be made narrow to decrease the electrolytic voltage and the structure of the electrolytic cell 3 can 
be made simple. 

30 Examples of the structures of the electrolytic cell 3 are shown in Figures 6 and 7. 

In the example shown in Figure 6. the direction of the flow of the liquid flowing into the inlet port 1 and the direction 
of the flow of the liquid flowing out the outlet port 2 cross at right angles with the direction in which the passage 5 formed 
between the electrode plates 4, 4 extends. The electrode plates 4, 4 are connected to a polarity reversible D.C. power 
supply 6. 

35 In the example shown in Figure 7, the direction of the flow of the liquid flowing into the inlet port 1 and the direction 
of the flow of the liquid flowing out the outlet port 2 are in line with the direction in which the passage 5 formed between 
the electrode plates 4, 4 extends. The electrode plates 4, 4 are connected to a polarity reversible D.C. power supply 6. 

If the flowing water containing chlorine ions supplied to the electrolyzing apparatus 100 shown in Figure 1 is city 
water, substantially all of the chlorine gas generated by the electrolysis of the city water dissolves in the water to generate 

40 free chlorine such as hypochlorous acid, hypochlorous acid ions, etc. Thus, a liquid containing free chlorine and having 
strong bactericidal activity flows out the electrolyzing apparatus 100. 

If the flowing water containing chlorine ions supplied to the electrolyzing apparatus 1 00 shown in Figure 1 is industrial 
water or well water, a part of the chlorine gas generated by the electrolysis of industrial water or well water may react 
with an amine compound in industrial water or well water to generate one or more amine chlorides such as chloroamine. 

45 dichloroamine. trichloroamine. etc.. These amine chlorides also have bactericidal activity. Thus, a liquid containing free 
chlorine and amine chlorides and having strong bactericidal activity flows out the electrolyzing apparatus 100. 

The liquid with strong bactericidal activity flowing out the electrolyzing apparatus 100 is supplied onto the objects 
to be sterilized, such as devices used in water environments, to sterilize them. Examples of the devices used in water 
environments include sinks, system kitchen equipment, sink and the system kitchen components such as traps and 

so kitchen counters, kitchen utensils such as chopping boards and dishes, wash stands, wash basins, wash stand and 
wash basin components such as sinks, traps and water faucet hardware, personal care articles such toothbrush boxes, 
shelves for small toilet articles, lavatory apparatuses such as toilet stools, toilet seats, bidets, toilet covers and urinals, 
bath rooms, unit baths, saunas, bath room apparatuses located in and out of the bath room such as bath tubs, bathing 
areas, hot-water supplying equipment, water faucets, showers, soap holders, bath tub covers and mirrors, and laundry 

55 equipment such as washing machines, washing machine pans and laundry sinks. 

Optimum specifications and running conditions of the electrolyzing apparatus 100 were determined through tests. 
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<2) Test Results 



stance oetween the electrodes and current density are shCwn in Table 1. 
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The efficiencies of chlorine generation (current efficiency) q were obtained according to formula © and are shown 
in Table 1 . 

7] = (Cfclx Q x 96500)/( 35.5x1 x 10 3 x60) (%) 
CD 

Cfcl : concentration of the generated free chlorine (mg/1) 
Q : flow rate (l/min) 

I : electric current (A) 

The variation in the efficiency of chlorine generation n with current density at different distances between the 
electrodes is shown in Figure 10. 

From Figure 10, it is clear that the efficiency of chlorine generation when the distance between the electrodes was 
0.43 mm and the efficiency of chlorine generation when the distance between the electrodes was 0.86 mm became 
maximum in the current density range from 400 A/m 2 to 600 A/m 2 

The variation in the concentration of the generated free chlorine with distance between the electrodes, and the 
variation in the efficiency of chlorine generation with distance between the electrodes, at a current density of 500A/ m 2 , 
are shown in Figure 11. 

From Figure 1 1 , it is clear that when the distance between the electrodes was larger than 0.2 mm. the concentration 
of the generated free chlorine became substantially equal to or larger than 1 mg/l. A concentration of the generated free 
chlorine substantially equal to or larger than 1 mg/l is large enough for sterilizing or preventing the fouling of an outlet 
port of a kitchen, chopping boards, toilet stools, bath tubs, etc. 

From Figure 1 1 , it is clear that when the distance between the electrodes was equal to or larger than 0.4 mm, the 
concentration of the generated free chlorine and the efficiency of chlorine generation became constantly high. 

The variation in the concentration of the generated free chlorine with current density when the distance between 
the electrodes was set at 0.43 mm and 0.86 mm is shown in Figure 12. 

From Figure 12, it is clear that when the current density was equal to or larger than 300 A/m 2 , the concentration of 
the generated free chlorine became substantially equal to or larger than 1 mg/l. As mentioned above, a concentration 
of the generated free chlorine substantially equal to or larger than 1 mg/l is large enough for sterilizing or preventing the 
fouling of an outlet port of a kitchen, chopping boards, toilet stools, bath tubs, etc. 

(Test 2) 

The effect of polarity reversal of the electrodes and the timing of stoppage of the electrolysis on deterioration of the 
concentration of the generated free chlorine with age and deterioration of the efficiency of chlorine generation with age 
were investigated. 

<1> Test Conditions 

Electrolyzing tests were carried out on flowing city water under condition of as a rule no reversal of electrode polarity 
and under condition of electrode polarity reversal. The deterioration of the concentration of the generated free chlorine 
with age and the deterioration of the efficiency of chlorine generation with age were investigated. 

The measurement apparatus shown in Figures 8 and 9, which is the same as that used in Test 1 , was used. However, 
a switching power supply of 12 V was used as the D.C. power supply 6. 

The electrode plates 4 were rectangular and measured 70 mm(L) x 50 mm(W) x 0.5mm(T). 

Three electrode plates 4 were disposed in the electrolytic cell 3. The distance between adjacent electrodes was set 
at 0.43 mm. Spacers 9 having a thickness equal to the distance between the electrode plates 4 were inserted into the 
spaces between the electrode plates 4 to keep the desired electrode spacing. The substantial area of the electrodes 
excluding the area in contact with the spacers 9 was set at 0.60 dm 2 / electrode. 

When the polarity of the electrodes was not as a rule reversed, titanium electrode plates coated with iridium were 
used for the electrode plates 4 disposed on opposite sides, and a platinum electrode plate was used for the electrode 
plate 4 disposed at the center. When the polarity of the electrodes was reversed, titanium electrode plates coated with 
iridium were used for all of the electrode plates 4. 
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City water was fed into the electrolytic cell 3 through the inlet port 1 and passed into two passages 5 formed between 
the three electrode plates 4 at a flow rate of 0.25 dnr> /minute per passage. Then, the city water was discharged out of 
the electrolytic cell 3 through the outlet port 2. 

Cycles consisting of two minutes of electrolysis of flowing water and one minute of stoppage of the flow of the water 

5 and the electrolysis were repeated. 

When the polarity of the electrodes was not as a rule reversed, the electrode plates 4 disposed on opposite sides 
were used as positive electrodes, and the electrode plate 4 disposed at the center was used as a negative electrode. 
When the total time of the electrolysis reached 25.3 hours, the polarity of the electrodes was reversed to make the 
electrode plates 4 disposed on opposite sides the negative electrodes and make the electrode plate 4 disposed at the 

10 center the positive electrode. When the total time of electrolysis reached 37.3 hours, the polarity of the electrodes was 
reversed to make the electrode plates 4 disposed on opposite sides the positive electrodes and make the electrode plate 
4 disposed at the center the negative electrode. The D.C. power supply 6 was turned on simultaneously with the start 
of the flow of the water to apply 12 V voltage across the electrode plates 4. The D.C. power supply 6 was turned off 
simultaneously with the stoppage of the flow of the water to stop the application of voltage across the electrode plates 4. 

is When the polarity of the electrodes was reversed, it was reversed every electrolysis. The reversal of the polarity 
was made between two polarity states. In the first state, the electrode plates 4 disposed on opposite sides were used 
as the positive electrodes and the electrode plate 4 disposed at the center was used as the negative electrode. In the 
second state, the electrode plates 4 disposed on opposite sides were used as the negative electrodes and the electrode 
plate 4 disposed at the center was used as the positive electrode. The D.C. power supply 6 was turned on simultaneously 

20 with the start of the flow of the water to apply 1 2 V across the electrode plates 4. Before the total time of the electrolysis 

had reached 4 hours, the D.C. power supply 6 was turned off simultaneously with the stoppage of the How of the water C ■ 
to stop the application of voltage across the electrode plates 4. After the total time of the electrolysis had reached 4 
hours, the D.C. power supply 6 was turned off 10 seconds before the stoppage of the flow of the water to stop the 
application of voltage across the electrode plates 4. 

25 At appropriate time intervals, 0.01 dm^ of the city water discharged out of the electrolytic cell 3 was sampled one 
minute after the start of the electrolysis of the flowing water. The concentration of the free chlorine in the sampled water 
was measured by the DPD method. The concentration of the free chlorine in the city water before the electrolysis was 
measured by the DPD method and subtracted from the concentration of free chlorine in the discharged water. Thus, the 
concentration of the generated free chlorine was obtained. The efficiency of chlorine generation x\ was obtained accord- 

30 ing to the formula ©. 

(2) Test Results 

The deterioration of the concentration of the generated free chlorine with age and the deterioration of the efficiency 
35 of chlorine generation with age when the polarity of the electrodes was not as a rule reversed are shown in Figures 13 
and 14 respectively. 

From Figures 13 and 14 it can be seen that: 

© Both the concentration of the generated free chlorine and the efficiency of chlorine generation fell rapidly after 
40 the total time of the electrolysis reached 7 hours. When the total time of the electrolysis reached 21 hours, the 
concentration of the generated free chlorine and the efficiency of chlorine generation were about 1/5 of what they 
were just after the start of the electrolysis. 

© Just after the polarity reversal at a total time of the electrolysis of 25.3 hours and just after the polarity reversal 
at the total time of the electrolysis of 37.3 hours, the concentration of the generated free chlorine increased by about 
45 20 %. When the electrolysis was continued with the electrodes maintained in the polarity after the polarity reversal, 
the concentration of the generated free chlorine showed the same tendency to decrease with passage of time as 
before the polarity reversal. 

The reason why the concentration of the generated free chlorine increased just after the polarity reversal of the 
so electrodes is thought to be that scale adhering to the negative electrode peeled off because of the polarity reversal. 
Thus, it is thought that electrode polarity reversal is effective for preventing the deterioration of the concentration of the 
generated free chlorine with age and the deterioration of the efficiency of chlorine generation with age. 

The deterioration of the concentration of the generated free chlorine with age and the deterioration of the efficiency 
of chlorine generation with age when the polarity of the electrodes was reversed are shown in Figures 15 and 1 6 respec- 
55 tively. 

From Figures 15 and 16 it can be seen that: 

© Both the concentration of the generated free chlorine and the efficiency of chlorine generation fell rapidly until 
the total time of the electrolysis reached 4 hours. 
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Even though the polarity of the electrodes was reversed, the concentration of the generated free chlorine and 
the efficiency of chlorine generation rapidly decreased with passage of time. The reason for this is thought to be 
that the simultaneous turning off of the D.C. power supply 6 with the stoppage of the flow of the water caused 
electrolyzing of the resident water after the stoppage of the flow of the water owing to the discharge of the capacitor 
5 installed in the D.C. power supply 6 and the adhesion of the scale to the negative electrode. 

© After the total time of the electrolysis had reached 4 hours, both the concentration of the generated free chlorine 
and the efficiency of chlorine generation stayed substantially equal to what they were just after the start of the 
electrolysis until the total time of the electrolysis reached 205 hours. 

70 The reason why the concentration of the generated free chlorine and the efficiency of chlorine generation which 
had been going down were raised up to substantially the same levels as those just after the start of the electrolysis is 
thought to be that the turning off of the D.C. power supply 6 at 10 seconds before the stoppage of the flow of the water 
prevented the electrolyzing of the resident water and the adhesion of scale to the negative electrode, and that the elec- 
trode polarity reversal caused the scale adhering to the negative electrode to peel off. 

15 A sterilization system wherein flowing city water is electrolyzed to generate free chlorine and the city water containing 
the generated free chlorine is supplied to a kitchen to sterilize the outlet port of the kitchen, chopping boards, etc. would 
probably be continuously operated for 2 minutes at intervals of 12 hours. Assuming the service life of the sterilization 
system to be 10 years, the total operating time of the sterilization system would be about 240 hours. It is clear from 
Figures 15 and 16 that if the polarity of the electrodes is reversed once every electrolysis and the flow of the water is 

20 stopped after the stoppage of the electrolysis, the sterilization system would have sufficient durability for practical use. 

(Test 3) 

The effect of the composition of the chlorine generating catalyst on the service life of the chlorine generating electrode 
25 was investigated. 

<1> Test Conditions 

Electrolyzing tests were carried out on flowing city water using a chlorine generating electrode A constituted of a 
30 titanium base plate coated with a 1-^im thick layer of chlorine generating catalyst containing platinum and iridium but not 
tantalum, and a chlorine generating electrode B constituted of a titanium base plate coated with a 1-jim thick layer of 
chlorine generating catalyst containing platinum, iridium and tantalum at a weight ratio of 13 : 55 : 32. Thus, the effect 
of the composition of the chlorine generating catalyst on the service life of the chlorine generating electrode was inves- 
tigated. 

35 The measurement apparatus shown in Figures 8 and 9, which is the same as that used in Test 1 , was used. However, 
a switching power supply of 12 V was used as the D.C. power supply 6. 

The electrode plates 4 were rectangular and measured 70 mm(L) x 50 mm(W) x 0.5 mm(T). 
Three electrode plates 4 were disposed in the electrolytic cell 3. The distance between adjacent electrodes was set 
at 0.43 mm. Spacers 9 having a thickness equal to the distance between the electrode plates 4 were inserted into the 
40 spaces between adjacent electrode plates 4 to keep the desired electrode spacing. The substantial area of the electrodes 
excluding the area in contact with the spacers 9 was set at 0.60 dm 2 / electrode. The test was conducted using the 
electrode A for all of the three electrode plates 4, or the electrode B for all of the three electrode plates 4. 

City water was fed into the electrolytic cell 3 through the inlet port 1 and passed into two passages 5 formed between 
the three electrode plates 4 at a flow rate of 0.25 drrP /minute per passage. Then, the city water was discharged out of 
45 the electrolytic cell 3 through the outlet port 2. 
The current density was set at 500 A/m*. 

Cycles consisting of five minutes of electrolysis of flowing water and one minute of stoppage of the flow of the water 
and the electrolysis were repeated 10 times. The electrode polarity was reversed at every stoppage of the electrolysis. 
At every electrolysis, 0.01 drrtf of the city water discharged out of the electrolytic cell 3 was sampled one minute after 
so the start of the electrolysis. The concentration of the free chlorine in the sampled water was measured by the DPD 
method. The mean value of 10 measurements was obtained. The concentration of the free chlorine in the city water 
before the electrolysis was measured by the DPD method and subtracted from the mean value of the concentration of 
free chlorine in the discharged water. Thus, the concentration of the generated free chlorine was obtained. 

55 <2> Test Result 

The deterioration of the concentration of the generated free chlorine with age is shown in Figure 1 7. 
It is clear from Figure 1 7 that when the electrode B was used, high concentration of the generated free chlorine was 
achieved at the beginning of the electrolysis but the concentration of the generated free chlorine fell rapidly before the 
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total time of the electrolysis reached 72 hours, while when the electrode A was used, the concentration of the generated 
free chlorine at the beginning of the electrolysis was lower than that when the electrode B was used but the concentration 
of the generated free chlorine did not decrease even after the total time of the electrolysis reached 1000 hours. Thus, 
it is clear that when the chlorine generating catalyst contains platinum and iridium but not tantalum, an electrode exhibiting 
a long service life can be obtained, and that when the chlorine generating catalyst contains platinum, iridium and tan- 
talum, the tantalum content should preferably be less than 30 weight percent. 

(Test 4) 

The effect of the thickness of the layer of chlorine generating catalyst on the concentration of the generated free 
chlorine was investigated. 

(1) Test Conditions 

Electrolyzing tests were carried out on flowing city water using a chlorine generating electrode constituted of a 
titanium base plate coated with a layer of chlorine generating catalyst containing platinum and iridium but not tantalum. 
The thickness of the layer of chlorine generating catalyst was varied. Thus, the effect of the thickness of the layer of 
chlorine generating catalyst on the concentration of the generated free chlorine was investigated. 

The measurement apparatus shown in Figures 8 and 9, which is the same as that used in Test 1 . was used. However, 
a switching power supply of 1 2 V was used as the D.C. power supply 6. 

The electrode plates 4 were rectangular and measured 70 mm(L) x 50 mm(W) x 0.5 mm(T). 

Three electrode plates 4 were disposed in the electrolytic cell 3. The distance between adjacent electrodes was set 
at 0.43 mm. Spacers 9 having a thickness equal to the distance between the electrode plates 4 were inserted into the 
spaces between the electrode plates 4 to keep the desired electrode spacing. The substantial area of the electrode 
excluding the area in contact with the spacers 9 was set at 0.60 drr*/ electrode. The chlorine generating electrode was 
used for all of the three electrode plates 4. 

City water was fed into the electrolytic cell 3 through the inlet port 1 , and passed into two passages 5 formed between 
the three electrode plates 4 at a flow rate of 0.25 drrP /minute per passage. Then, the city water was discharged out of 
the electrolytic cell 3 through the outlet port 2. 

The current density was set at 500 A/rrv*. 

Cycles consisting of five minutes of electrolysis of flowing water and one minute of stoppage of the flow of the water 
and the electrolysis were repeated 10 times. The electrode polarity was reversed at every stoppage of the electrolysis. 
At every electrolysis, 0.01 dm* of the city water discharged out of the electrolytic was sampled one minute after the start 
of the electrolysis. The concentration of the free chlorine in the sampled water was measured by the DPD method. The 
mean value of 10 measurements was obtained. The concentration of the free chlorine in the city water before the elec- 
trolysis was measured by the DPD method and subtracted from the mean value of the concentration of free chlorine in 
the discharged water. Thus, the concentration of the generated free chlorine was obtained. 

(2) Test Results 

The variation of the concentration of the generated free chlorine with thickness of the layer of chlorine generating 
catalyst is shown in Figure 18. 

It is clear from Figure 18 that when the thickness of the layer of chlorine generating catalyst reached 0.1 urn. the 
concentration of the generated free chlorine reached 1 mg/l, and when the thickness of the layer of chlorine generating 
catalyst became equal to or larger than 0.2 jim, the concentration of the generated free chlorine was stably maintained 
equal to or larger than 1 mg/l. As mentioned earlier, a concentration of the generated free chlorine substantially equal 
to or larger than 1 mg/l is large enough for sterilizing or preventing the fouling of an outlet port of a kitchen, chopping 
boards, toilet stools, bath tubs. etc. 

(Test 5) 

The effect of the current density on the service life of the electrode was investigated. 
<1>Test Conditions 

Electrolyzing tests were carried out on flowing city water using chlorine generating electrode constituted of a titanium 
base plate coated with a 1 -urn thick layer of chlorine generating catalyst containing platinum and iridium but not tantalum. 
Thus, the effect of the current density on the service life of the electrode was investigated. 
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The measurement apparatus shown in Figures 8 and 9 ; which is the same as that used in Test 1 . was used. However, 
a switching power supply of 12 V was used as the D.C. power supply 6. 

The electrode plates 4 were rectangular and measured 70 mm(L) x 50 mm(W) x 0.5 mm(T). 

Three electrode plates 4 were disposed in the electrolytic cell 3. The distance between adjacent electrodes was set 
5 at 0.43 mm. Spacers 9 having a thickness equal to the distance between the electrode plates 4 were inserted into the 
spaces between the electrode plates 4 to keep the desired electrode spacing. The substantial area of the electrode 
excluding the area in contact with the spacers 9 was set at 0.60 dm*/ electrode. The chlorine generating electrode was 
used for all of the three electrode plates 4. 

City water was fed into the electrolytic cell 3 through the inlet port 1 and passed into two passages 5 formed between 
w the three electrode plates 4 at a flow rate of 0.25 drrP/minute per passage. Then, the city water was discharged out of 
the electrolytic cell 3 through the outlet port 2. 

The current density was set at 550 A/rr* and 1 100 A/m2. 

Cycles consisting of five minutes of electrolysis of flowing water and one minute of stoppage of the flow of the water 
and the electrolysis were repeated. The electrode polarity was reversed at every electrolysis. The thickness of the chlorine 
/s generating electrode was measured at appropriate time intervals. 

<2> Test Results 

The deterioration of the decrease of the thickness of the layer of chlorine generating catalyst with age is shown in 
20 Figure 19. 

It is clear from Figure 19 that when the current density was 1 100 A/rr\2, the decrease in the thickness of the layer 
of chlorine generating catalyst reached 1 \irr\ at a total time of electrolysis of 1000 hours, while when the current density 
was 550 A/m2, the decrease in the thickness of the layer of chlorine generating catalyst was equal to or less than 0.9 
urn even at a total time of electrolysis of 1600 hours. Thus, it is clear that when the current density is less than 1 100 
25 A/m 2 , the electrode exhibits a long service life. 

(Test 6) 

The effect of the frequency of the electrode polarity reversal on electrode service life was investigated. 

30 

<1) Test Conditions 

Electrolyzing tests were carried out on flowing city water using a chlorine generating electrode constituted of a 
titanium base plate coated with a 1 -Jim thick layer of chlorine generating catalyst containing platinum and iridium but not 
35 tantalum. Thus, the effect of the frequency of electrode polarity reversal on electrode service life was investigated. 

The measurement apparatus shown in Figures 8 and 9, which is the same as that used in Test 1 , was used. However, 
a switching power supply of 12 V was used as the D.C. power supply 6. 

The electrode plates 4 were rectangular and measured 70 mm(L) x 50 mm(W) x 0.5 mm(T). 
Three electrode plates 4 were disposed in the electrolytic cell 3. The distance between adjacent electrodes was set 
40 at 0.43 mm. Spacers 9 having a thickness equal to the distance between the electrode plates 4 were inserted into the 
spaces between the electrode plates 4 to keep the desired electrode spacing. The substantial area of the electrode 
excluding the area in contact with the spacers 9 was set at 0.60 dm*/ electrode. The chlorine generating electrode was 
used for all of the three electrode plates 4. 

City water was fed into the electrolytic cell 3 through the inlet port 1 and passed into two passages 5 formed between 
45 the three electrode plates 4 at a flow rate of 0.25 drrtf /minute per passage. Then, the city water was discharged out of 
the electrolytic cell 3 through the outlet port 2. 

Cycles consisting of five minutes of electrolysis of flowing water and one minute of stoppage of the flow of the water 
and the electrolysis were repeated. The frequency of electrode polarity reversal was set at once per electrolysis, and 
once per 10 repetitions of the electrolysis. The thickness of the chlorine generating electrode was measured at appro- 
50 priate time intervals. 

<2> Test Results 

The deterioration of the decrease of the thickness of the layer of chlorine generating catalyst with age is shown in 
55 Figure 20. 

It is clear from Figure 20 that one electrode polarity reversal per 10 repetitions of electrolysis causes less decrease 
in the thickness of the chlorine generating electrode. 
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The duration of each electrolysis was set at 5 minutes. Thus, one electrode polarity reversal per electrolysis is 
equivalent to 12 electrode polarity reversals per 1 hour total time of the electrolysis. For optimum electrode service life. 
. therefore, the frequency of electrode polarity reversal should be less than 12 times per 1 hour total time of the electrolysis. 

s (Test 7) 

The effects of the structure of the electrolytic cell 3 on the concentration of the generated free chlorine and the 
efficiency of chlorine generation were investigated. 

io <1> Test Conditions 

Electroiyzing tests were carried out on flowing city water using an electrolyzing apparatus A having the electrolytic 
cell shown in Figure 6, wherein the direction of the flow of the liquid flowing into the inlet port 1 and the direction of the 
flow of the liquid flowing out the outlet port 2 cross at right angles with the direction in which the passage 5 formed 

75 between the electrode plates 4, 4 extends, and an electrolyzing apparatus B having the electrolytic cell shown in Figure 
7, wherein the direction of the flow of the liquid flowing into the inlet port 1 and the direction of the flow of the liquid 
flowing out the outlet port 2 are in line with the direction in which the passage 5 formed between the electrode plates 4. 
4 extends. Thus, the effects of the structure of the electrolytic cell 3 on the concentration of the generated free chlorine 
and the efficiency of chlorine generation were investigated. 

20 The measurement apparatus shown in Figures 8 and 9. which is the same as that used in Test 1 . was used for the 
electrolyzing apparatus A. However, a switching power supply of 12 V was used as the D.C. power supply 6. 

The measurement apparatus shown in Figures 8 and 9, which is the same as that used in Test 1 , was used for the 
electrolyzing apparatus B. However, as indicated by alternate long and short dash lines in Figure 9, the inlet port 1 and 
the outlet port 2 of the electrolytic cell 3 were disposed at the middle of the height of the electrolytic cell 3. A switching 

25 power supply of 1 2 V was used as the D.C. power supply 6. 

The electrode plates 4 were rectangular and measured 70 mm(L) x 50 mm(W) x 0.5 mm(T). 
Two electrode plates 4 were disposed in the electrolytic cell 3. The distance between the electrodes was set at 0.43 
mm. Spacers 9 having a thickness equal to the distance between the electrode plates 4 were inserted into the space 
between the electrode plates 4 to keep the desired electrode spacing. The substantial area of the electrode excluding 

30 the area in contact with the spacers 9 was set at 0.60 drrv7 electrode. The chlorine generating electrode was used for 
both of the electrode plates 4. 

City water was fed into the electrolytic cell 3 through the inlet port 1 and passed into the passage 5 formed between 
the two electrode plates 4 at a flow rate of 0.25 drrvVminute. Then, the city water was discharged out of the electrolytic 
cell 3 through the outlet port 2. 

35 The current density was set at 500 A/m2. 

Cycles consisting of five minutes of electrolysis of flowing water and one minute of stoppage of the flow of the water 
and the electrolysis were repeated 10 times. The electrode polarity was reversed at every stoppage of the electrolysis. 
At every electrolysis. 0.01 dm3 of the city water discharged out of the electrolytic cell 3 was sampled one minute after 
the start of the electrolysis. The concentration of the free chlorine in the sampled water was measured by the DPD 

40 method. The mean value of 10 measurements was obtained. The concentration of the free chlorine in the city water 
before the electrolysis was measured by the DPD method and subtracted from the mean value of the concentration of 
free chlorine in the discharged water. Thus, the concentration of the generated free chlorine was obtained. The efficiency 
of chlorine generation r\ was obtained according to the formula ®. 

45 (2) Test Results 

The variation of the concentration of the generated free chlorine with structure of the electrolytic cell 3 and the 
variation of the efficiency of chlorine generation with structure of the electrolytic cell 3 are shown in Table 2. 

It is clear from Table 2 that the electrolyzing apparatus B having the electrolytic cell shown in Figure 7 achieved 
so higher concentration of the generated free chlorine and higher efficiency of chlorine generation. 

(Test 8) 

The effect of the composition of the chlorine generating catalyst on the service life of the chlorine generating electrode 
55 was investigated. 
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<1>Test Conditions 

Electrolyzing tests were carried out on flowing city water using a chlorine generating electrode C constituted of a 
titanium base plate coated with a 1-um thick layer of chlorine generating catalyst containing platinum and iridium at a 
5 mole ratio of 70 : 30, and a chlorine generating electrode D constituted of a titanium base plate coated with a 1 -jim thick 
layer of chlorine generating catalyst containing platinum and iridium at a mole ratio of 80 : 20. Thus, the effect of the 
composition of the chlorine generating catalyst on the service life of the chlorine generating electrode was investigated. 

The measurement apparatus shown in Figures 8 and 9, which is the same as that used in Test 1 , was used. However, 
a switching power supply of 12 V was used as the DC. power supply 6. 
io The electrode plates 4 were square and measured 40 mm(L) x 40 mm(W) x 0.5 mm(T). 

Two electrode plates 4 were disposed in the electrolytic cell 3. The distance between the electrodes was set at 0.5 
mm. Spacers 9 having a thickness equal to the distance between the electrode plates 4 were inserted into the space 
between the electrode plates 4 to keep the desired electrode spacing. The substantial area of the electrodes excluding 
the area in contact with the spacers 9 was set at 0.14 dm 2 / electrode. The chlorine generating electrode was used for 
75 both electrode plates 4. 

City water was fed into the electrolytic cell 3 through the inlet port 1 and passed into the passage 5 formed between 
the two electrode plates 4 at a flow rate of 0.5 dm3 /minute. Then, the city water was discharged out of the electrolytic 
cell 3 through the outlet port 2. 

The current density was set at 550 A/m 2 . 
20 Cycles consisting of five minutes of electrolysis of flowing water and one minute of stoppage of the flow of the water 
and the electrolysis were repeated 10 times. The electrode polarity was reversed at every electrolysis. 

Deterioration of the voltage characteristic across the electrodes with age was checked to detect the service life of 
the electrodes. Since the specific electric conductivity of the city water flowing into the electrolytic cell varies to some 
extent, the voltage across the electrodes measured by the voltmeter was corrected to that in the case where the specific 
25 electric conductivity p is p = 150 jiS/cm. The deterioration of the voltage characteristic across the electrodes after the 
correction was investigated. 

When electrodes begin to convert into non-conductors, the voltage across the electrodes sharply increases. Thus, 
the service life of the electrodes can be detected by checking the total time of the electrolysis before a sharp increase 
in the voltage across the electrodes begins. 

30 

<2> Test Results 

The deterioration of the voltage characteristic across the electrodes with age is shown in Figure 21 . 
It is clear from Figure 21 that when the electrode C was used, a sharp increase in the voltage across the electrodes 
35 began when the total time of the electrolysis reached 1 000 hours, while when the electrode D was used, a sharp increase 
in the voltage across the electrodes began when the total time of the electrolysis reached 1400 hours. Thus, it is clear 
that a chlorine generating catalyst containing platinum and iridium achieves a long service life. It is thought that the 
adding of the platinum prevents the desorption of a chlorine generating catalyst such as iridium oxide etc. caused by 
the application of voltage across the electrodes. It is clear that an electrode exhibiting a long service life can be obtained 
40 when the mole ratio of platinum to the sum of platinum and iridium in the chlorine generating catalyst is equal to or larger 
than 70 %, preferably equal to or larger than 80 %. 

The deterioration of the thickness of the chlorine generating catalyst with age is shown in Figure 22. 
Judging from Figure 22, it is thought that the service life of the electrode increases as the ratio of platinum increases 
because of the following two reasons. 

45 

® The threshold value of the thickness of the layer of chlorine generating catalyst which causes the conversion of 
the electrode into a non-conductor decreases as the ratio of platinum increases. 

It is clear from Figure 22 that when the electrode C, wherein the mole ratio of platinum was 70 % . was used, 
the thickness of the layer of the chlorine generating catalyst was 0.4 fim when the total time of the electrolysis 
so reached 1000 hours and the sharp increase in voltage across the electrodes began, while, when the electrode D. 
wherein the mole ratio of platinum is 80% . was used, the thickness of the layer of the chlorine generating catalyst 
was equal to or less than 0.2 urn when the total time of the electrolysis reached 1400 hours and the sharp increase 
of voltage across the electrodes began. 

© After the thickness of the chlorine generating catalyst has decreased to some extent, the resistance of the chlorine 
55 generating catalyst to desorption increases with increasing platinum content. 

It is dear from Figure 22 that when the electrode C. wherein the mole ratio of platinum was 70 % . was used, the 
rate of decrease in the thickness of the layer of chlorine generating catalyst was substantially-Gonstant, while, when the 
electrode D, wherein the mole ratio of platinum was 80% , was used, the rate of decrease in the thickness of the layer 
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of chlorine generating catalyst declined after the thickness of the layer of the chlorine generating catalyst decreased to 
about 0.3 jim. 

[INDUSTRIAL APPLICABILITY] 

The electrolyzing apparatus and the electrolyzing method for electrolyzing flowing water in accordance with the 
present invention enable easy sterilization of an outlet port of a kitchen in an office or in the home, kitchen utensils such 
as chopping boards, bath rooms, toilet stools etc.. and also make it possible to operate and maintain the sterilizing 
apparatus easily. 
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Table 2 



measured items 


electrolyzing apparatus A 


electrolyzing apparatus B 


concentration of generated free chlorine (mg/l) 


1.99 


2.37 


efficiency of chlorine generation (%) 


3.31 


3.95 



to 



Claims 

1 . An electrolyzing apparatus for flowing water containing chlorine ions comprising an electrolytic cell provided with at 
is least one pair of electrodes, a passage formed between the electrodes, an inlet port and an outlet port communicating 

the passage, and a power supply for applying voltage across the electrodes. 

2. An electrolyzing apparatus of claim 1, wherein the distance between the electrodes is larger than 0.2 mm. 

20 3. An electrolyzing apparatus of claim 1 or claim 2, wherein at least the positive one of each pair of electrodes is a 
chlorine generating electrode. 

4. An electrolyzing apparatus of claim 1 or claim 2, wherein all of the electrodes are chlorine generating electrodes. 

25 5. An electrolyzing apparatus of claim 3 or claim 4, wherein the chlorine generating electrode is constituted of solid 
chlorine generating catalyst. 

6. An electrolyzing apparatus of claim 3 or claim 4, wherein the chlorine generating electrode is constituted of a con- 
ductive material plate coated with a layer of chlorine generating catalyst. 

30 

7. An electrolyzing apparatus of claim 5 or claim 6, wherein the chlorine generating catalyst contains at least iridium. 

8. An electrolyzing apparatus of claim 5 or claim 6, wherein the chlorine generating catalyst contains at least platinum 
and iridium. 

9. An electrolyzing apparatus of claim 5 or claim 6, wherein the chlorine generating catalyst contains platinum and 
iridium, and the mole ratio of platinum to the sum of platinum and iridium is equal to or larger than 70 %. 

1 0. An electrolyzing apparatus of claim 5 or claim 6, wherein the chlorine generating catalyst contains platinum, iridium 
and tantalum, and the ratio of tantalum to the sum of platinum, iridium and tantalum is less than 30 weight %. 

11. An electrolyzing apparatus of any one of claims 6 to 10, wherein the thickness of the layer of chlorine generating 
catalyst is equal to or larger than 0. 1 urn. 

45 12. An electrolyzing apparatus of any one of claims 6 to 10, wherein the thickness of the layer of chlorine generating 
catalyst is equal to or larger than 0.5 urn. 

1 3. An electrolyzing apparatus of any one of claims 6 to 1 2, wherein the conductive material has high resistance against 
oxidation. 



35 



40 



50 



55 



14. An electrolyzing apparatus of claim 13, wherein the conductive material is titanium. 

1 5. An electrolyzing apparatus of any one of claims 1 to 1 4, wherein spacers are disposed in a part of the space between 
the pair of electrodes. 

16. An electrolyzing apparatus of claim 15, wherein the spacers are inserted into the space between the pair of elec- 
trodes. 
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17. An electrolyzing apparatus of claim 15. wherein the spacers are inserted into opposite side edges of the space 
between the pair of electrodes from the outside of the pair of electrodes. 

18. An electrolyzing apparatus of any one of claims 15 to 1 7, wherein at least the surfaces of the spacers are made of 
material with small surface energy. 

1 9. An electrolyzing apparatus of any one of claims 1 to 1 8, wherein the flowing direction of the water into the inlet port 
of the electrolytic cell, the direction in which the passage formed between the electrodes extends, and the flowing 
direction of the water out of the outlet port are aligned with each other. 

20. An electrolyzing apparatus of any one of claims 1 to 19, wherein the inlet port side end of the passage formed 
between the electrodes of the electrolytic cell is disposed below the outlet port side end of the passage. 

21. An electrolyzing apparatus of any one of claims 1 to 20. wherein the electrodes of the electrolytic cell are coated 
with insulating material at their parts near the inlet port side end of the passage and near the outlet port side end 
of the passage. 

22. An electrolyzing apparatus of any one of claims 1 to 21 , wherein the sectional area of the outlet port side end of the 
passage between the electrodes of the electrolytic cell is 1 .01 times or more as large as that of the inlet port side 
end of the passage. 

23. An electrolyzing apparatus of any one of claims 1 to 22. wherein the power supply is a D.C. power supply whose 
output polarity is reversible. 

24. An electrolyzing apparatus of any one of claims 1 to 23, wherein the electrolytic cell is a non-barrier type electrolytic 
cell. 

25. A method for electrolyzing flowing water containing chlorine ions, wherein direct current with a current density of 
less than 1 100 A/m 2 is applied across the electrodes of the electrolyzing apparatus of any one of claims 1 to 24. 

26. A method for electrolyzing flowing water containing chlorine ions, wherein direct current with a current density equal 
to or larger than 300 A/m2 is applied across the electrodes of the electrolyzing apparatus of any one of claims 1 to 24. 

27. A method for electrolyzing flowing water containing chlorine ions, wherein direct current with a current density of 
400 A/m2 to 600 A/m* is applied across the electrodes of the electrolyzing apparatus of any one of claims 1 to 24. 

28. A method for electrolyzing flowing water containing chlorine ions using the electrolyzing apparatus of any one of 
claims 1 to 24, wherein the flow of the water is maintained until a prescribed length of time passes after the stoppage 
of the electrolysis. 

29. A method for electrolyzing flowing water containing chlorine ions using the electrolysing apparatus of any one of 
claims 1 to 24, wherein the polarity of the electrodes is reversed during the electrolysis. 

30. A method of claim 29. wherein the polarity of the electrodes is reversed less than 12 times per hour of total time of 
the electrolysis. 

31. A method of claim 29, wherein the polarity of the electrodes is reversed once per 10 or more repetitions of the 
electrolysis. 

32. A method for electrolyzing flowing water containing chlorine ions using the electrolyzing apparatus of any one of 
claims 1 to 24, wherein the water passed into the electrolytic cell through the inlet port is electrolyzed after being 
warmed to a temperature higher than normal room temperature and lower than 50 °C. 

33. A method of any one of claims 25 to 32, wherein city water is electrolyzed. 

34. A method of any one of claims 25 to 32, wherein industrial water is electrolyzed. 

35. A method of any one of claims 25 to 32, wherein well water is electrolyzed. 
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Fig. 1 
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